Background--Infective endocarditis (IE) after transcatheter aortic valve replacement is a devastating complication associated with a high mortality. Our objective was to determine the impact of cardiac surgery (CS) and antibiotics (IE-CS) compared with medical treatment with antibiotics only (IE-ABx) on 1-year mortality in patients developing IE after transcatheter aortic valve replacement.
dysfunction or large vegetations reduces the risk of the combined end point of in-hospital death and embolic events. 10 In PVE, the best therapeutic option is still debated, with studies showing improved survival after early valve replacement 11 and
those showing no benefit of surgery compared with medical treatment after adjustment for differences in clinical characteristics and survival bias. 12 Treatment of high-risk patients undergoing TAVR developing IE is much more uncertain and data are rare. Surgery during initial hospitalization for IE did not reduce in-hospital mortality in the Infectious Endocarditis After TAVR International Registry. 7 The aim of this matched analysis was to evaluate the impact of cardiac surgery (CS) and antibiotics (IE-CS) compared with medical treatment with antibiotics only (IEABx) on 1-year mortality in patients developing IE after TAVR.
Methods
The data, analytic methods, and study materials will not be made available to other researchers for purposes of reproducing the results or replicating the procedure.
Patient Cohort and Definitions
Consecutive patients receiving TAVR between June 2008 and April 2017 and afterwards developing IE, which was treated in our tertiary center, were included this analysis. Diagnosis of endocarditis was verified applying the modified Duke criteria. 9 The main inclusion criterion was the echocardiographic evidence of IE with or without the evidence of continuous bacteremia in at least 3 consecutive blood cultures, with the first and last sample taken ≥1 hour apart, or in 2 blood samples drawn >12 hours apart ( Figure 1 ).
Decision to perform surgery or not was made after careful discussion of all findings among the members of the TAVR heart 110 consecutive patients with definite or possible IE 64 patients (58.2%) with echocardiographic evidence of IE 
Clinical Perspective
What Is New?
• In infective endocarditis after TAVR, which develops in 0.67% to 3.4% per patient year, both cardiac surgery and antibiotics only are associated with a devastating high 1-year mortality without a statistically significant advantage of one treatment form over the other in this small high-risk patient group.
• Mortality was predicted by the severity of infective endocarditis and concomitant mitral regurgitation but not the treatment form.
What Are the Clinical Implications?
• Individual decision making by a "heart and endocarditis team" is necessary to offer those patients the most reasonable treatment option.
• A future randomized study will have to determine the role of cardiac surgery in those high-risk patients.
team and the "endocarditis team," including cardiologists, cardiac surgeons, imaging specialists, and microbiologists. Definite and possible IE were classified according to current guidelines. 9 Early and late endocarditis were defined by occurring within the first year and >1 year after TAVR, respectively. Nosocomial infection was defined as IE developing in a patient hospitalized for >48 hours before the onset of signs or symptoms consistent with IE. Healthcare-associated infection was defined as IE diagnosed within 48 hours of admission in an outpatient with extensive healthcare contact, as reflected by any of the following criteria: (1) received intravenous therapy, wound care, or specialized nursing care at home within the 30 days before the onset of IE; (2) attended a hospital or hemodialysis clinic or received intravenous chemotherapy within the 30 days before the onset of IE; or (3) resided in a nursing home or long-term care facility. 8 Chronic obstructive lung disease and peripheral artery disease were diagnosed according to the logistic EuroScore I definitions. 13 Chronic kidney disease was defined according to Kidney Disease: Improving Global Outcomes.
14 Clinical, microbiological, and imaging findings as well as treatment options and outcome of patients diagnosed with IE were retrospectively collected.
The study was approved by the Ethics Committee of the University of Leipzig (registration no. 047-17-23012017), and patients gave written informed consent.
End Points
All-cause 1-year mortality (after diagnosis of IE) was the primary end point of this analysis. In-hospital mortality was a secondary end point. Complication rates during IE treatment were collected and defined as follows: (1) Need for hemodialysis: any need for hemodialysis during IE hospitalization attributable to oliguria/anuria, hyperkalemia, hypervolemia, metabolic acidosis, uremic symptoms, or elevated blood urea concentration. (2) 
Results

Characteristics and Outcome of the Unmatched Population
We identified 64 patients meeting the inclusion criterion of IE with echocardiographic evidence of vegetation, abscess, and/ or new dehiscence of the prosthetic or another valve. Twenty patients (31.3%) were referred to surgery (IE-CS), and 44 patients (68.7%) were treated with antibiotics only (IE-ABx) ( Figure 1 ). Baseline, IE-associated, and TAVR characteristics of the unmatched cohort are summarized in Table 1 and Table S1 . Compared with patients in the IE-CS group, those in the IEABx group were older (P=0.006), had a higher Society of Thoracic Surgeons score for reoperation (P=0.029), more often had severe chronic kidney disease (P=0.037), and more often had received a self-expandable valve (P=0.013) via a transfemoral approach (P=0.026). IE-related features were balanced between groups, except for initial symptoms, with a higher rate of sepsis (P=0.044) and a lower rate of patients having at least 1 formal indication for operation in the IE-ABx group (P=0.047) ( Table 1 and Table S2 ).
The outcome of the unmatched cohort is summarized in Table 2 . In-hospital (IE-CS versus IE-ABx, 50% versus 50%; P=1.000) and 1-year (IE-CS versus IE-ABx, 65% versus 68.2%; P=0.802) mortality did not differ between groups ( Figure 2A ). In the particular group of patients with periannular abscess, in-hospital (IE-CS versus IE-ABx, 57.1% versus 72.7%; P=0.627) and 1-year (IE-CS versus IE-ABx, 71.4% versus 81.8%; P=1.000) mortality was not different. The rate of any complication was higher among patients in the IE-CS group compared with those in IE-ABx group (P=0.024), in particular with a higher rate of >6 red packed blood cells within 24 hours (P=0.003) and seizures (P=0.009). Variables are expressed as numbers/totals (percentages). Treatment effect is given as OR. ARDS indicates acute respiratory distress syndrome; CI, confidence interval; CPR, cardiopulmonary resuscitation; IE, infective endocarditis; IE-ABx, IE treated by antibiotics only; IE-CS, IE treated by cardiac surgery (and antibiotics); LCO, low cardiac output syndrome; OR, odds ratio; PNP, polyneuropathy; RBC, red packed blood cell. Table 3 and Tables S2 and S3 summarize baseline, IEassociated, and TAVR characteristics after matching 20 patients in the IE-ABx group to the 20 patients in the IE-CS group. More important, all patients had definite endocarditis, and at least 1 formal indication for operation was given in 95% of the patients in each group. According to the P value, all baseline and IE-associated parameters were well balanced between the IE-CS and IE-ABx groups. However, the odds ratios and standardized mean differences still revealed differences between the groups, in particular in regard to severe chronic kidney disease and sepsis at initial presentation. The outcome of the matched cohort is summarized in Table 4 . In-hospital (IE-CS versus IE-ABx, 50% versus 55%; P=0.752) and 1-year (IE-CS versus IE-ABx, 65% versus 75%; P=0.490) mortality did not differ significantly between groups ( Figure 2B ). In the particular group of patients with periannular abscess, in-hospital (IE-CS versus IE-ABx, 57.1% versus 42.9%; P=1.000) and 1-year (IE-CS versus IE-ABx, 71.4% versus 71.4%; P=1.000) mortality was not different. The rate of any complication was still higher among patients in the IE-CS group compared with those in the IE-ABx group (P=0.077), in particular with a higher rate of >6 red packed blood cells within 24 hours (P=0.02).
Characteristics and Outcome of the Matched Population
Operative Techniques
CS was performed with a median time of 17 days (25th-75th percentile, 4-35 days) after confirmation of IE diagnosis, all within the first IE hospitalization. It was the first reoperation in 19 patients (95%) and the second reoperation in 1 patient (5%) after a valve-in-valve procedure. Isolated valve replacement was performed in 6 patients (30%); in the remaining 14 patients (70%), additional procedures were mandatory, including coronary artery bypass grafting (n=3), pacemaker extraction (n=3), replacement of the ascending aorta (n=3), and reconstruction of the aortic root with a bovine pericardial patch (n=6). In addition, complex reconstruction of the intervalvular fibrous body was necessary in 2 patients because of excessive abscess formation. Two patients required aortic root replacement (ie, Bentall procedure). Double valve replacement/reconstruction was performed in 7 patients (35%).
Predictors of Mortality
Characteristics of patients with and without 1-year mortality are shown in Table S4 . Predictors of 1-year mortality were evaluated in the unmatched population (Table S5) 
Risk of Reendocarditis
After a first successful IE treatment, reendocarditis was observed in 2 patients in the IE-CS group (20.0% of the patients surviving the first IE hospitalization), occurring after 71 and 454 days; and in 3 patients in the IE-ABx group (13.6% 
Discussion
This analysis compared the effect of CS during initial IE hospitalization with medical treatment on 1-year mortality in patients developing IE after TAVR. The main findings of the study are as follows: (1) Neither an unadjusted nor an adjusted analysis revealed a statistically significant mortality benefit of CS compared with medical therapy in those highrisk patients developing IE after TAVR. (2) Mortality was predicted by the severity of IE (eg, sepsis on admission or formal indication for CS) and concomitant mitral regurgitation (at the time of IE diagnosis) rather than by treatment choice.
Treatment options in IE after TAVR
The rate of CS in contemporary cohorts of patients with PVE is %50%, 8, 12 which contrasts with the 10.8% rate of surgical valve explantation observed in the Infectious Endocarditis After TAVR International Registry. 7 In this analysis, selected patients with echocardiographic evidence of IE were considered for CS in about one third of all cases, which is somewhat higher than in other studies in the field. 3, 7 However, compared with 72% of patients having at least 1 indication for surgery, according to current guidelines, 9 the rate of CS performed in this cohort is still low. This discrepancy is mainly caused by the high operative risk and age of the patients considered inoperable or at high surgical risk, even for the initial TAVR procedure. In the International Collaboration on EndocarditisProspective Cohort Study, 12 patients with PVE were %60 years of age, which is 20 years younger than in our cohort. However, the decision to perform surgery or not was made by the same TAVR and endocarditis team during the whole study time, providing stability in personal judgement and readiness to assume risk. Noteworthy, the decision by the heart team might be an important bias in this analysis. However, typically in such a scenario, younger and "healthier" patients are sent to surgery, whereas older and "futile" patients are denied high-risk and invasive procedures.
The in-hospital and 1-year mortality was high in our cohort but is comparable to the multicenter cohort of patients undergoing TAVR in the Infectious Endocarditis After TAVR International Registry. 7 Compared with surgical patients with PVE, mortality rates are %2-fold higher in our patient population. 12 This might be explained by several patientand disease-related factors known to affect survival in IE: older age, high operative risk because of comorbidities, and a high rate of nosocomial/healthcare-associated IE, with Staphylococcus as the main causative microorganism. 16 Both unmatched and matched analyses revealed no significant difference between IE-CS and IE-ABx on in-hospital and 1-year mortality. This is comparable to the findings in the Infectious Endocarditis After TAVR International Registry, 7 which stated that surgery during IE hospitalization was not associated with a reduced risk of in-hospital death (29.7% for surgery versus 37.1% for no surgery; odds ratio, 0.72 [95% CI, 0.33-1.53]; P=0.39). However, no data beyond the initial IE hospitalization are available from this registry and, because it was not the aim of this registry, the analysis did not adjust for any difference in baseline and IE-related factors.
In PVE after surgical valve replacement, the best therapeutic option is still debated, with nonrandomized studies showing improved survival after early valve replacement 11 and
those showing no benefit of surgery compared with medical treatment after adjustment for differences in clinical characteristics and survival bias. 12 There is only 1 randomized study in patients with native valve endocarditis showing that early surgery (within 48 hours) compared with conventional treatment (77% of patients receiving surgery beyond 48 hours) reduced the risk of the composite end point of embolic events and in-hospital mortality within 6 weeks, with no difference in all-cause mortality after 6 months. 10 In our study, the median time from diagnosis to CS was 17 days (25th-75th percentile, 4-35 days). This prolonged time period was caused by several factors, including transfer from another hospital, difficult decision making by both the patient and the treating physicians, and failure of an initial medical treatment approach. Those factors might have diminished the positive effects of CS.
No randomized clinical trials evaluating the role of CS in PVE have been performed. Therefore, treatment recommendations are only based on the conflicting results of the above mentioned studies. 11, 12 Subgroup analyses show that surgery was beneficial in patients with the greatest need for surgery, including those with valve regurgitation, vegetation, and dehiscence or paravalvular abscess/fistula, 9 reflecting the indications for CS in current guidelines. 9 In our matched analysis, the need for CS according to current guidelines was equally distributed. Despite this, there was no strong signal for an improvement in 1-year mortality. In IE after TAVR, which is still a relatively new treatment option for patient with severe aortic stenosis, data about treatment options and predictors of mortality are still rare. In our analysis, prognosis was not determined by the choice of treatment (eg, CS versus ABx), but by disease characteristics (eg, sepsis on admission or a formal indication for CS). We interpret the latter one as a sign of disease severity rather than a factor implicating a certain therapy. The overall complication rate during IE treatment was significantly higher in IE-CS, which may, in part, be explained by the necessity to perform an extensive surgical procedure. Hypothetically, this higher complication rate may have outweighed the potential benefit of cankerous tissue removal.
Potential Reasons for the Missing Mortality Benefit of CS
First, there are statistical reasons. This is an observational nonrandomized study in a small patient population treated in a single center. Patients were selected according to the echocardiographic evidence of IE. Patients with negative imaging did not undergo 18 F-fluorodeoxyglucose positron emission tomography/computed tomography and computed tomography angiography on a regular basis, leading to a potential bias of missing definite IE in those patients. In a former analysis, 3 we were able to show that there was no difference in mortality between patients having echocardiographic evidence of IE and those with negative echocardiography (HR, 0.77; 95% CI, 0.32-1.88; P=0.576). Manual matching and multivariable testing were applied to adjust for relevant baseline and IE-associated factors. However, because of the small sample size, adjustment was only possible for some parameters. Moreover, P values may not tell the whole truth in such a small cohort because there was a 10% absolute risk reduction by CS in the matched analysis and in the multivariate analysis; the HR was 1.66 (95% CI, 0.77-3.59) for ABx compared with CS. Last, but not least, the retrospective design of a registry renders it susceptible to confounders. Second, the optimal time point of CS in PVE is uncertain and, as discussed above, the prolonged time from diagnosis to CS may have diminished the positive effects of surgery in the examined cohort.
Third, most of the patients were already at high risk for the initial TAVR procedure, with even more pronounced risk by developing IE afterwards. Therefore, projecting the future expansion to more low-and intermediate-risk patients receiving TAVR, these results may not be transferable, and surgery could be an excellent option in low-and intermediate-risk patients developing IE after TAVR. This is supported by the observation that there was a higher complication rate in IE-CS compared with IE-ABx. Hypothetically, the complication rate should be reduced in lower-risk patients undergoing surgery.
Fourth, additional procedures (eg, coronary artery bypass grafting) prolong operation time and are associated with early mortality. 17 Hypothetically, skipping procedures that are not absolutely necessary may be beneficial for patient outcome. Overall, our results should be interpreted cautiously and in the understanding of hypothesis-generating means. A future randomized multicenter study will have to determine the role of CS in patients developing IE after TAVR.
Conclusion
In patients developing IE after TAVR, mortality was predicted by the severity of IE and concomitant mitral regurgitation. In this small but high-risk patient cohort, CS provided no statistically significant mortality benefit compared with medical therapy. Individual decision making by a "heart and endocarditis team" is necessary to offer those patients the most reasonable treatment option.
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